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(g) personal computer for performing charge and switching control of different types of battery packs. 



@ A personal computer of this invention has a 
battery pack mounting section (31 R) for detachably 
receiving battery packs having different current 
capacities. The personal computer also includes a 
switch mechanism (70. 304) for detecting whether a 
battery pack has a high or low capacity. Battery 
characteristic values consisting of charge and dis- 
charge voltage/current characteristics in units of bat- 
teries are prestored in a memory in a power control 
CPU (PC-CPU) (306). The PC-CPU (306) refers to 
the memory on the basis of capacity data from the 



switch mechanism and reads out the corresponding 
battery characteristic data. A power supply circuit 
(30) performs optimal charge control on the basis of 
this characteristic data. Two battery packs are pre- 
pared. When the PC-CPU (306) detects that the 
currently used battery pack Is in a low-battery state, 
it selects the other battery pack to supply the op- 
erating power to the personal computer. At the same 
time the PC-CPU (306) performs optimal charge 
control of the battery in the low-battery state. 
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PERSONAL COMPUTER FOR PERFORMING CHARGE AND SWITCHING CONTROL OF DIFFERENT TYPES 

OF BATTERY PACKS 



The present invention relates to a personal 
computer for performing cinarge control of batteries 
having different capacities and switching control of 
a plurality of battery packs. 

In recent years, various types of portable, 
battery-driven personal computers have been de- 
veloped. When such a personal computer is used 
with an AC adapter or a built-in battery, an operat- 
ing power supply state must always be monitored, 
and all failures caused by abnormal power supply 
states must be eliminated. 

A battery pack having a plurality of units each 
consisting of a primary battery (dry battery) and a 
secondary battery (rechargeable battery) is em- 
ployed as a power supply for driving a lap-top 
computer or the like. When a battery is used as a 
power supply, in order to assure an operation of 
electronic equipment, the power level of the battery 
must be detected to perform battery replacement 
control and battery charge control for charging 
timings of the battery. A terminal voltage, a charge 
current, or discharge current of the battery is de- 
tected, the detected value is compared with a rated 
value of the battery, and battery charge control is 
performed on the basis of the comparison result. 
These control operations, however, realized by a 
circuit entirely constituted by hardware. 

Since charge control is performed by only 
hardware, batteries used must be limited to a spe- 
cific type of battery. The rated value of the battery 
must be a fixed value based on the battery char- 
acteristics. When batteries having different charge 
and discharge characteristics are used, charge 
control, remaining battery capacity computation, 
and iow-battery detection cannot be accurately per- 
formed. Charge control corresponding to types of 
batteries cannot be performed. For example, a 
nickel-hydrogen battery compatible with a nickel- 
cadmium battery and having a larger capacity than 
the nickel-cadmium battery is to be used in elec- 
tronic equipment having a characteristic value of 
the nickel-cadmium battery, charging and discharg- 
ing of the nickel-hydrogen battery are controlled on 
the basis of the characteristic value of the nickel- 
cadmium battery, the perfornnance of the nickel- 
hydrogen battery cannot be sufficiently maximized. 

A relatively inexpensive low-capacity battery 
and a relatively expensive high-capacity battery 
cannot be selectively used. When charge control is 
performed in accordance with the types of battery, 
a circuit arrangement constituted by only hardware 
is undesirably complicated. 

A power supply controller monitors a voltage of 
a battery used to supply power. When the mon- 



itored battery voltage is lowered to a voltage which 
does not allow supply of a power enough to op- 
erate a computer, this battery is determined to 
have a low-battery state. When the battery voltage 

6 reaches a predetermined voltage slightly higher 
than a voltage corresponding to the low-battery 
state, an alarm is generated to signal a low battery 
voltage level to a user. 

When a battery in the low-battery state is 

70 slightly charged, a conventional power supply con- 
troller determines that the slightly charged battery 
is not set in a low-battery state, thereby performing 
power supply control of the battery. 

When the battery in the low-battery state is, 

75 however, used upon slight charging, the battery 
voltage is abruptly lowered, and the battery is set 
soon in the low-battery state. Therefore, the com- 
puter power supply is cut off without generating the 
alarm. In a computer having a resume function, the 

20 computer is powered off before resume processing 
is completed. Therefore, the resume function can- 
not be sufficiently utilized. 

it is an object of the present invention to pro- 
vide a portable personal computer wherein when 

25 two types of battery packs, i.e., high- and low- 
capacity battery packs, are to be used, charge 
control, remaining battery capacity computation, 
and low-battery detection can be performed in ac- 
cordance with the different types of battery packs, 

30 and when two battery packs can be mounted and 
are used for a long period of time, automatic 
switching of the battery packs, and their charge 
control can be performed to always maintain a 
stable battery power supply state and ensure high- 

35 ly reliable battery-driven processing operations. 

According to the first aspect of the present 
invention, a personal computer comprises: data 
storage means; data processing means; a battery 
pack storage section for storing any of battery 

40 packs having different current capacities; means for 
detecting a current capacity of a battery pack 
stored in the battery pack storage section; means 
for charging the stored battery pack on the basis of 
the current capacity detected by the detecting 

45 means; and means for generating an operating 
power from the battery pack stored in the battery 
pack storage means. 

According to the second aspect of the present 
invention, a personal computer comprises: data 

so storage means; data processing means; at least 
two battery pack storage sections for respectively 
storing at least two battery packs; means for de- 
tecting each of current capacities of the battery 
packs stored in the plurality of battery pack storage 
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sections; means for performing charge control of 
the battery packs on the basis of the current 
capacities detected by the detecting means; means 
for selecting one of the plurality of battery packs; 
and means for generating an operating power from 5 
the selected battery pack. 

According to the third aspect of the present 
invention, a charge control system comprises: a 
battery mounting section capable of receiving dif- 
ferent types of batteries; means for determining 10 
types of batteries mounted in the mounting section; 
storage means for prestcring characteristic values 
of the different types of batteries; and charge con- 
trol means for reading out the battery characteristic 
values from the storage means on the basis of the 75 
batteries determined by the determining means 
and for performing battery charge control on the 
basis of the readout characteristic values. 

According to the present invention, a battery 
pack mounted in a battery pack mounting section 20 
can be charged at high speed in optimal con- 
ditions. Therefore, the battery power supply state Is 
always kept stable, and highly reliable battery- 
driven processing operations can be ensured. 

When a pair of battery packs is used as first 25 
and second main batteries in units of packs, the 
battery pack serving as the main battery can be 
controlled at high speed in optimal conditions. The 
battery power supply state is always kept stable, 
and highly reliable battery-driven processing oper- so 
ations can be ensured. 

Charge control of batteries having different 
characteristics is performed in accordance with 
types of batteries, the capabilities of the batteries 
can be sufftciently enhanced. Therefore, the bat- 35 
teries having different current capacities can be 
fully charged within the same charge time. 

This invention can be more fully understood 
from the following detailed description when taken 
In conjunction with the accompanying drawings, in 40 
which: 

Rg. 1 is a block diagram showing an embodi- 
ment of a personal computer according to the 
present Invention; 

Fig. 2 is a block diagram showing an arrange- 45 
ment of a power supply circuit shown in Rg. 1; 
Fig. 3 is a flow chart of a charge control routine 
executed by a power control CPU 306 shown in 
Rg- 2; 

Rgs, 4A through 4C are flow charts of a battery- so 
driven power-on routine executed by (the power 
control CPU 306 shown in Fig. 2;! 
Rgs. 5A and 5B are views for explaining display 
contents of a state display unit in accordance 
with charge control shown in Rg. 3; " ; 55 
Rgs. 6A through 6C are views for explaining 
display contents of the state display unit in 
accordance with battery-driven control shown In 



Figs. 4A through 40; 

Figs. 7A through 7C are views for explaining a 
type determination mechanism of a mounted 
battery pack; 

Fig. 8 is a flow chart showing a processing 
sequence of the power control CPU on the basis 
of the type determination in Fig. 7; 
Fig. 9 is a block diagram showing an embodi- 
ment wherein the capacity of a mounted battery 
pack is detected, and battery pack charge cur- 
rent control is performed using a charge control 
parameter corresponding to the detected capac- 
ity type; 

Figs. 10, 11 A, and 11 B are views for explaining 
an interface mechanism of a memory card used 
as an extension RAM in the above embodiment; 
Figs. 12 and 13 and Figs. 14A to 14D are views 
for explaining a system grade-up means using a 
built-in HDD Interface (HDD-IF) in the above 
embodiment; and 

Fig. 15 is a view showing a bottom-up menu for 
displaying a battery state in the above embodi- 
ment. 

Fig. 1 is a block diagram showing an embodi- 
ment of a personal computer according to the 
present invention. Referring to Fig. 1, components 
11 through 30 and 40 are connected to a system 
bus 10. A CPU (main CPU) 11 controls the overall 
operation of the system. A ROM 12 stores perma- 
nent programs such as firmware. A RAM 13 serves 
as a main memory and stores programs and data 
to be processed. A direct memory access control- 
ler (DMAC) 14 performs direct memory access 
control. A programmable interrupt controller (PIC) 
15 and a programmable Interval timer (PIT) can be 
set by programs. A real time clock (RTC) 17 has its 
own operating battery. An extension RAM 1 8 
serves as a high-capacity extension RAM to be 
defachably inserted in an extension RAM card slot. 
In this embodiment, any four types of memory 
cards, i.e.. 4- and 8-MB new memory cards In 
addition to 1- and 2-MB existing memory cards, 
can be mounted. In this case, a common interface 
mechanism for the existing memory cards (1 MB 
and 2 MB) and the new memory cards (4 MB and 
8 MB) will be described later with reference to 
Figs. 9 and 10. 

A backup RAM 19 serves as a data storage 
area for realizing a resume function and is powered 
by a backup power (VBK). A floppy disk controller 
(FDC) 20 is arranged to control two floppy disk 
drives FDD(1) 32A and FDD(2) 32B. However, for 
example, a 2.5" hard disk may be mounted in 
place of tiie FDD(2) 32B. and tiie system can be 
easily graded up. In this case, a means for replac- 
ing the FDD + FDD arrangement with the 
HDD + FDD anrangement will be described later 
with reference to Rgs. 12 tiirough 14C. 
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A printer controller (PRT-CONT) 21 is selec- 
tively connected to a 5" external floppy disk drive 
33 or a printer 34 through a connector. An 
input/output interface (Universal Asynchronous 
Receiver/Transmitter: UART) 22 is connected to an 
RS-232C interface 35 or the like as needed, A 
keyboard controller (KBC) 23 controls inputs to a 
keyboard 36 integrally arranged with an apparatus 
main body having a CPU board therein. A display 
controller (DISP-CONT) 24 drives only an LCD 37 
with a side light consisting of an FL (fluorescent 
light) cold cathode ray tube. However, the DISP- 
CONT 24 may control a CRT display unit as an 
external display. A video RAM (VRAM) 25 is 
powered by the backup power (VBK) and stores 
video data. A kanji ROM 26 stores kanji character 
patterns corresponding to kanji character codes. A 
dictionary ROM 27 stores a kana/kanji conversion 
dictionary. 

A power supply control interface (PS-IF) 28 is 
arranged to connect a power supply circuit (Fig. 2) 
30 to the CPU 11 through the system bus 10. In 
this embodiment, the PS-IF 28 has a serial-parallel 
conversion function for performing data transfer by 
means of a serial interface between the power 
supply circuit 30 and the power control CPU 306 in 
this embodiment A power supply adapter (to be 
referred to as an AC adapter) 29 is plug-in con- 
nected to the personal computer main body and 
rectifies and smoothes a commercial AC power 
(AC) to obtain a DC operating power having a 
predetermined potential. An intelligent power sup- 
ply (to be referred to as a power supply circuit 
hereinafter) has the power control CPU (PC-CPU) 
and has an arrangement to be described with refer- 
ence to Fig. 2. J 
Main batteries (M-BATA and M-BATB) 31 L and 
31 R are detachable from the apparatus main body 
(PC main body) and are respectively constituted by 
rechargeable batteries. In this embodiment, during 
an operation, one of the batteries Is selected as a 
target object (target power supply object) under the 
control of the power supply circuit 30. When the 
selected battery is discharged to a use limit, the 
target power supply object is switched, and the 
other battery serves as a target power supply ob- 
ject In this embodiment, of the pair of main bat- 
teries (M-BATA and M-BATB) 31 L and 31 R, the 
battery (M-BATA) 31 L is called a left main battery 
(L-battery). and the battery (M-BATB) 31 R is called 
a right main battery (R-battery). In this case, main 
batteries having different capacities (i.e.. 2200-mA 
type and 1700-mA type), and one of the battenes 
can be arbitrarily used. A charge control process- 
ing means for these main batteries (M-BATA and 
M-BATB) 31 L and 31 R will be described with refer- 
ence to Fig. 3, and a selecting/switching process- 
ing means including a battery check during opera- 



tion with a battery will be described later with 
reference to Figs. 4A through 4C. The charge con- 
trol state display will be described later with refer- 
ence to Figs. 5A and 5B, and the battery use state 
5 display and the state transition display will be de- 
scribed with reference to Fig. 6. At least one of the 
pair of main batteries (M-BATA and M-BATB) 31 L 
and 31 R is used as a detachable battery, battery 
packs serving as main batteries have two different 
10 current capacities, and any one of the battery 
packs can be mounted. Under these conditions, a 
mounted battery pack type determining mechanism 
and a charge processing means based on the 
determined battery type will be described later with 
15 reference to Rgs. 7A through 8. 

A sub-battery (S-BAT) 31 S is a rechargeable 
built-in battery which supplies a backup power 
(VBK) required for backing up the RAM 13, the 
extension RAM 18, and the video RAM 25. 
20 An extension bus connector 40 is an extension 

bus connector (EBC) for extending the functions. 
The EBC 40 is selectively connected to, e.g., an 
external hard disk (external HDD) as needed, or to 
any other extension unit having a function exten- 
25 sion component (e.g., a keyboard, a CRT display, a 
high-capacity memory, and a personal computer 
mounting mechanism) to form a circuit. 

A built-in HDD interface (HDD-IF) 41 interfaces 
a built-in HDD (with HDC) when the system is 
30 graded up to an HDD mounted type (i.e.. one HDD 
and one FDD are mounted). More specifically, 
when the system is to be graded up, a built-up 
HDD is connected through a connector 42 in place 
of the floppy disk drive (FDD(2)) 32B. In this case. 
35 a means for grading up the system from the 
FDD + FDD type having two floppy disk drives 
(FDD(1) and FDD(2)) 32A and 32B to the 
HDD + FDD arrangement consisting of one 2.5" 
hard disk (HDD) and a 3.5" floppy disk drive will be 
40 described with reference to Figs, 12 through 14C. 

A state display unit 50 consists of a plurality of 
sate display LEDs (L1 to L9) driven under the 
control of the power control CPU 306 In the power 
supply circuit 30, and the details of this state 
45 display unit are shown in Figs. 5A through 6C. 

Fig. 2 is a block diagram showing an arrange- 
ment of the power supply circuit 30. The power 
supply circuit 30 includes a power switch 301, a 
reset switch 302, and a display switch 303. A 
50 switch 304 is used to set the capacity (2200-mA 
type or 1700-mA type) of the main battery 
(31L/31R) and is turned on to use the main battery 
(31 L or 31 R) having a larger capacity (2200 mA). A 
method of setting this switch 304 will be described 
55 in detail with reference to Figs. 7A through 7C. A 
parallel I/O port 305 holds states of the switches 
301, 302. 303, and 304 and setup information of 
the power control CPU 306 (to be described in 
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detail later). 

The power control CPU (PC-CPU) 306 concen- 
tratedly manages the power supply of the overall 
apparatus. More specifically, the CPU 305 receives 
data of the respective components of the power 
supply circuit 30 instruction data of the CPU 11 
through the internal bus 307 and controls power 
supply to the respective components in the appara- 
tus in accordance with the Instructions, internal 
states, and external operation states. The power 
control CPU 306 has a power supply control pro- 
cessing function including charge control of the left 
and right main batteries (IVI-BATA and M-BATB) 
31 L and 31 R by using charge setup data (charge 
control parameter) shown in the flow chart of Fig. 3 
and battery drive control in accordance with the 
flow charts in Rgs. 4A through 4C. 

An I/O driver 308 controls FL (fluorescent light) 
of the LCD 37 under the control of the power 
control CPU 306 and drives the LEDs (LI through 
L9) of the state display unit 50. 

As shown in Rgs. 5A and 58 and Rgs, 6A 
through 6C. the state display unit 50 consists of 
nine LEDs (LI through L9) including a power ON 
state and operating speed set state display LED 
(LI), a state display LED {L2) for the left main 
battery (M-BATA) 31 L. a state display LED (L3) for 
the right main battery (M-BATB) 31 R, an AC adapt- 
er connecting state display LED (L4), a use state 
display LED {L5) for the floppy disk drive (FDD(1)) 
32A, and a use state display LED (L6) for the 
floppy disk drive (FDD(2)) 32B. Each LED can emit 
red light and green light. Red light or green light, or 
both the green light and the red light are selec- 
tively emitted to perform display operations in units 
of colors. More specifically, the LED (LI) emits 
green light in a high-speed clock operation in a 
power ON state, but emits red light in a low-speed 
clock operation. The LEDs (L2 and L3) flickers red 
light when the corresponding main batteries (M- 
BATA and M-BATB) 31 L and 31 R are set in a low- 
battery state (i.e.. a discharge state near a use 
limit), emit yellow light (red + green) in an abrupt 
charging state, and emit green light at the end of 
charging. The LED (L4) emits red light in an effec- 
tive connecting state of the AC adapter 29 and 
flickers red light in the effective connecting state of 
the AC adapter 29 in an abnormal state of the 
power supply circuit 30. 

A main battery switch (SL1) 309 is inserted in a t 
current path of the left main battery (M-BATA) 31 L 
and is ON/OFF-controlled by an output from the I/O 
driver 308 controlled by the power control CPU 
306. Main battery switches (SRI and SRO) 310a 
and 31 Ob are inserted in a current supply path and s 
a current output path of the right main battery (M- 
BATB) 31 R. respectively, and is ON/OFF-controlled 
by an output from the I/O driver 308. A charge unit 



311 charges main batteries (M-BATA and M-BATB) 
31 L and 31 R under the control of the power control 
CPU 306. A current detector 312 detects output 
currents from the main batteries (M-BATA and M- 
5 BATB) 31 L and 31 R. Diodes 313 and 314 serve as 
reverse flow preventive diodes inserted in the cur- 
rent output paths of the main batteries (M-BATA 
and M-BATB) 31 L and 31 R. A DC-DC converter 
315 generates operating powers for the respective 
70 components of the apparatus from the power 
source of the left main battery (M-BATA) through 
the main battery switch 309 or the right main 
battery (M-BATB) 31 R through the main battery 
switches 310a and 310b. A charge unit 316 
75 charges the sub-battery (S-BAT) 31 S. A DC-DC 
converter 317 obtains a backup power (VBK) from 
a power supply of the sub-battery (S-BAT). In other 
words, since the left and right main batteries 31 L 
and 31 R are detachable, the backup power is sup- 
20 plied from the sub-battery (S-BAT) 31 S to prevent 
erasure of the contents of the backup RAM 19 
when both main batteries are detached from the 
main body. An A/D converter 318 supplies a detec- 
tion current value of the current detector 312. the 
25 output voltages from the main batteries (M-BATA 
and M-BATB) 31 L and 31 R, and the output vol- 
tages from the DC-DC converters 315 and 317 to 
the power control CPU 306 as digital data. A serial 
I/O 319 exchanges data between the power control 
30 CPU 306 and the main CPU 11. More specifically, 
the I/O 319 converts data from the power control 
CPU 306 into serial data and supplies the digital 
data to the power supply control interface (PS-IF) 
28. This serial data is reconverted into parallel data 
35 by the power supply control interface (PS-(F). and 
the parallel data is sent to the main CPU 1 1 . 

Rgs. 3 and 4A through 4C are flow charts 
showing processing of the power control CPU 306. 
Fig. 3 is a flow chart showing a charge control 
40 routine in the embodiment of the present invention 
under the control of the power control CPU 306. 
This charge control processing is repeatedly per- 
formed every predetermined time inten/al (e.g., 64 
msec) when the power control CPU 306 detects 
45 the connecting state of the AC adapter 29 through 
the A/D converter 318, Figs, 4A through 4C are 
flow charts showing power ON processing routine 
when the apparatus is driven by a battery (i.e., an 
operation performed when the AC adapter is not 
50 connected) under the control of the power control 
CPU 306, This power ON processing routine is 
. repeated every predetermined time interval in a 
battery-driven power ON state, 

Rgs. 5A and SB are views showing display 
5 contents of the state display unit 50 in association 
with charge control shown in Rg. 3. A relationship 
between the display contents and display colors of 
the state display LED.(L2) for the left main battery 
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(M-BATA) 311. the state display LED {L3) for the 
right main battery (M-BATB) 31 R. and the AC 
adapter connecting state display LED (L4) under 
the charge control in which an external power is 
supplied from an AC adapter is shown in Figs. 5A 
and 58. 

Figs. 6A through 6C are views showing display 
contents of the state display unit 50 in association 
with battery-driven control shown in Figs. 4A 
through 4C. These display contents of use states 
and state transition states are those of the LEDs 
(L2 through L4) which are obtained when an exter- 
nal power is not supplied from the AC adapter and 
one of the main batteries (M-BATA and M-BATB) 
31 L and 31 R is selected to obtain a battery-driven 
state. In this embodiment, the right main battery is 
preferentially used. However, when the right main 
battery is set in a low-battery state or when the 
right main battery is not mounted, the left main 
battery is used. 

Figs. 7A through 70 show an arrangement in 
which one of the main batteries (M-BATA and M- 
BATB) 31 L and 31 R is semi-fixed by a screw (in 
this case, the left main battery (M-BATA) 31 L), the 
right main battery (M-BATB) 31 R is slidably de- 
tachable by a slidable mounting means, and bat- 
tery packs having two different current capacities 
(2200-mA high-capacity type and 170O-mA low- 
capacity type) can be arbitrarily used, so as to 
explain a type (capacity type) determination 
mechanism of the detachable battery pack (right 
main battery (M-BATB) 31 R). Fig. 8 shows a set 
data (charge control parameter) switching process- 
ing flow of the power control CPU 306 by using a 
battery high capacity switch 304. In this case, the 
switch 304 is used to set the capacity of the semi- 
fixed battery pack (left main battery (M-BATA) 
31 L). 

In this embodiment, of the pair of main bat- 
teries (M-BATA and M-BATB) 31 L and 31 R. one 
main battery (in this case, the left main battery (M- 
BATA) 31 L) is semi-fixed by a screw, and the other 
battery (i.e.. the right main battery (M-BATB) 31 R) 
is arbitrarily detachable by the sliding mounting 
means. As shown in Figs. 7A and 7B. the main 
batteries (M-BATA and M-BATB) 31 L and 31 R are 
constituted by battery packs having two different 
current capacities (2200-mA high-capacity type and 
1700-mA low-capacity type). In this case, the 
charge control for the main batteries (M-BATA and 
M-BATB) 31 L and 31 R is performed on the basis 
of the setup data (charge control parameter) under 
the control of the power control CPU 306. In order 
to arbitrarily use the battery packs having two 
different current capacities, charge' control must be 
performed on the basis of the setup data (charge 
control parameter) corresponding to the capacity 
types of the mounted battery packs. In this em- 
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bodiment. the battery high capacity switch 304 is 
operated to set a capacity type of a mounted 
battery pack as the battery pack semi-fixed by a 
screw. i.G., the left main battery (M-BATA) 31 L in 
5 accordance v/ith the capacity type of the mounted 
battery pack. A setup data (charge control param- 
eter) switching processing means of the power 
control CPU 306 on the basis of the battery high 
capacity switch 304 is shown in the flow chart of 
70 Fig. 8- The capacity type of the mounted battery 
pack is automatically detected and the setup data 
(charge control parameter) is automatically 
switched for the battery pack arbitrarily detachable 
by the sliding mounting means, i.e., the right main 
IS battery (M-BATB) 31R. More specifically, in the 
battery pack used as the right main battery (M- 
BATB) 31 R. a switch operation projection 70 is 
formed at a distal end portion at a predetermined 
position in a mounting direction (i.e.. a direction of 
20 an arrow in Fig. 7B) in the 1700-mA low-capacity 
type battery pack. When the battery pack is moun- 
ted in the apparatus main body (PC main body), 
the switch 304 is turned on by the projection 70. 
The power control CPU 306 determines the capac- 
25 ity type of the mounted battery pack on the basis 
of the ON signal from the switch 304. The power 
control CPU 306 performs charge current control of 
the battery pack as the right main battery (M- 
BATB) 31R by using setup data (charge control 
30 parameter) corresponding to the detected capacity 
type. 

This charge current control will be described 
with reference to Fig. 9. 

Fig. 9 is a block diagram showing the PC-CPU 

35 306 shown in Fig. 2 and its peripheral circuits. 

As shown in Fig. 9, the . battery 31 R (31 L) 
comprising a battery unit consisting of a plurality of 
primary or secondary batteries supplies a drive 
power. to a load of electronic equipment through a 

40 controt circuit 306C. Voltage and current values of 
the power supplied from the battery 31 R (31 L) to 
the load are measured by a measuring circuit 103. 
The measured data are converted into digital data 
by the-A/D converter 306B, and the digital data is 

45 supplied to a microcomputer 306a. The battery 
31 R (31 L) comprises a battery detector 107 for 
detecting a primary battery, a secondary battery, or 
their high-capacity batteries. When the battery 31 R 
(31 L) is mounted in a battery storage section (not 

50 shown) of the electronic equipment, the battery 
detector 107 cooperates with a battery determina- 
tion section 105 located in the battery storage 
section opposite to the battery detector 107. A 
battery determination, .signal is supplied to the 

55 microcomputer 306a. -The battery /Tdetector 107 
cornprises the projection shown in Rg. 7B and the 
switch 304 shown in Fig. 2. 

The power can be supplied to the load of the 
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electronic equipment from the AC adapter 29 in 
addition to the battery 31 R (31 L). When the AC 
adapter 29 is connected to the main body, a drive 
power is supplied from the AC adapter 29 to the 
load through the control circuit 306C, In this case, 
the drive power is not supplied from the battery 
31 R (31 L) to the load. When the secondary battery 
is mounted as the battery 31 R (31 L). the charge 
power is supplied from the AC adapter 29 to the 
battery 31 R (31 L) through the control circuit 306C. 
When the battery 31 R (31 L) comprises a primary 
battery, no charge current is supplied. 

A memory 306e including, e.g., a ROM is con- 
nected to the microcomputer 306a. The memory 
306e stores battery characteristics including all ] 
types of batteries which can be used as batteries 
for driving the electronic equipment, and the 
charge and discharge voltage/current characteris- 
tics. These battery characteristics are exemplified 
as a characteristic A as of the primary battery and 2 
a characteristic B as of the secondary battery. 
When a battery determination signal is input from 
the battery determination section 105 to the micro- 
computer 30Ba. a battery characteristic corre- 
sponding to the battery determination signal is out- 2i 
put from the memory acSe to the microcomputer 
306a. On the basis of the battery characteristic 
value corresponding to the battery determination 
signal and the measurement data input from the 
measuring circuit 103, the microcomputer 306a oc 
supplies a control signal for controlling a charge 
current of the battery 31 by the AC adapter 8 
through a D/A converter 306d. When the remaining 
capacity of the battery 31 R (31 L) is low (i.e.. a low- 
battery state), the microcomputer 306a generates 35 
an alarm to a user for electronic equipment by 
means of an alarm 1 07 consisting of display equip- 
ment. A low-battery detection method and a charge 
control method are described in U.S.S.N. 545,542 
filed by the present assignee and entitled as 4o 
"LOW-BATTERY STATE DETECTING SYSTEM 
AND METHOD FOR DETECTING THE RESIDUAL 
CAPACITY OF A BATTERY FROM THE VARI- 
ATION IN BATTERY VOLTAGE (filing date: June 
29. 1990. Inventor: Ryozi Ninomiya) and U.S.S.N. 45 
578,225 filed by the present assignee and entitled 
as "METHOD AND APPARATUS FOR BATTERY 
CONTROL" (filing date: September 6, 1990, in- 
ventor: Ryozl Ninomiya). 

When the primary battery is mounted in the so 
battery storage section of the electronic equipment, 
the voltage and cun-ent of the power supplied from 
the battery 31 R (31 L) to the load are measured by 
the measuring circuit 103. The measurement data 
are input to the microcomputer 306a. When the 55 
battery determination signal representing the pri- 
mary battery and obtained by cooperation of the 
battery detector 107 and the battery detemnination 



section 105 is input to the microcomputer 306a. the 
microcomputer 306a reads out the characteristic A 
as the primary battery characteristic value from the 
memory 306e. The microcomputer 306a deter- 
mines the remaining capacity of the battery A on 
the basis of the measurement data and the char- 
acteristic A. When the remaining capacity is low 
and reaches, e.g., 95% of the use range, the alarm 
unit 107 alarms that a timing for replacing the 
battery 31 R (31 L) due to the low remaining capac- 
ity is informed to the user. When the battery 31 R 
(31 L) is further consumed and reaches the use limit 
of the battery 31 R (31 L). an operation error of the 
electronic equipment may occur. In order to stop 
supply of power from the battery 31 R (31 L) to the 
load, a control signal for stopping discharge of the 
battery 31 R (31 L) is supplied from the microcom- 
puter 306a to the control circuit 306c through the 
D/A converter 306d. 

When the AC adapter 29 is connected to the 
main body, the power is supplied from the AC 
adapter 29 to the load, but Is not supplied from the 
battery 31 R (31 L) to the load. 

When the secondary battery is mounted as the 
battery 31 R (31 L). the characteristic B as the sec- 
ondary battery characteristic value is read out from 
the memory 306e, and the operation is the same 
as the case wherein the primary battery is moun- 
ted. However, when the AC adapter 29 is con- 
nected, the following different operations are per- 
formed. That is. since the secondary battery is 
rechargeable, the AC adapter 29 supplies power to 
the load and a charge current to the battery 31 R 
(31 L). This charge current is controlled by the 
control signal output from the microcomputer 306a. 
and a charge current within the range of 0.1 C to 
. 0,5 C (where C is the secondary battery capacity. 
For example, 1 C for the 1700-mA capacity battery 
requires an hour to charge it with a charge cun-ent 
of 1.7 A) is selected stepwise in accordance with 
the remaining capacity of the battery 31 R (31 L). 

With the above arrangement, the battery pack 
having an arbitrary capacity type (i.e.. 2200-mA 
high-capacity type or 1700-mA low-capacity type) 
can be used for the battery pack serving as the 
detachable right main battery (M-BATB) 31 R with- 
out causing the user to pay attention to the capac- 
ity type. As for the semi-fixed left main battery (M- 
BATA) 31 L. the capacity is set by the switch 403 at 
the time of pack mounting. It is possible to arrange 
an arbitrary battery capacity corresponding to an 
application purpose. 

Rgs. 10 through 11 B are views for explaining a 
common interface mechanism for the existing 1- 
and 2-MB memory cards and the new memory 
cards (4 MB and 8 MB) mounted in place of only 
the existing memory cards (1 MB and 2 MB). Of 
the predetermined number of pins (e.g.. 40 pins). 
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one power supply pin and one ground pin (two 
pins) of each of the memory cards (1 MB and 2 
MB), and one (Ta) of the omitted pins is assigned 
to an increase in address of the new memory cards 
(4 MB and 8 MB), and the remaining pin (Tb) is 
assigned to the card determination. When a termi- 
nal Tb signal (SEL) is set at high level (SEL = 
"1 "), a logic gate array for controlling the output of 
the incremented address (A9: the most significant 
bits of the 4- and 8-MB cards) is connected to the 
terminal Ta of the mounted memory card (4-or 8- 
MB new memory card). 

Figs. 12 through 14D are views for explaining a 
means for grading up the system from the 
FDD + FDD type consisting of the two floppy disk 
drives (FDD(1) 32A and FDD(2) 328) to the 
HDD + FDD type consisting of the 2.5" hard disk 
(HDD) and the 3'.5" floppy disk drive, by using the 
built-in HDD interface (HDD-IF) 41. A CPU board 3, 
a keyboard 36. and the like are mounted on the 
personal computer main body (PC main body). An 
FDD + FDD type base housing (Fig. 14A) 1A having 
the two floppy disk drives (FDD(1) 32A and FDD(2) 
32B) therein and an HDD + FDD type base housing 
(Fig. 14B) having the 2.5" hard disk (HDD) and the 
3.5" floppy disk drive are prepared. The base 
housing 1A (Fig. 14A) is replaced with the base 
housing IB (Fig. 14B) and the mounted hard disk 
is connected through a built-in HDD interface 
(HDD-IF) 41, thereby easily grading up the system 
to the HDD + FDD type system. In this case, as 
shown in Figs. 14C and 14D, the 2.5" hard disk 
(HDD) is housed in the same type of housing as 
that of the 3.5" floppy disk drive and is placed on a 
detachable tray 111. Upon operation of an eject 
button 112. the 2.5" hard disk can be placed on 
the detachable tray 111 or ejected therefrom. De- 
tails of this operation will be omitted. 

Fig. 15 is a view showing a pop-up menu for a 
battery state display. In this embodiment, upon 
simultaneously depression of a specific key such 
as a function key and an escape key, a battery 
state is displayed on part of the screen. In this 
case, in display areas (<LEFT>E**F and 
<RIGHT>E' 'F) for the left and right main batteries 
(M-BATA and M-BATB) 31 L and 31 R, when the 
batteries are not mounted, "N/A" is displayed. A 
battery mounted slate (i.e., a state prior to charg- 
ing) is displayed as "???". When charging of the 
battery is started, the present battery capacity is 
displayed with triangular marks (a maximum of 
seven triangle marks) in place of the battery moun- 
ted state "???". 

An operation of the embodiment having the 
above arrangement according to the present inven- 
tion will be described with reference to Figs. 1 
through 15. 

The power control CPU 306 in the power sup- 



BNSDOCID: <EP 0435317A2J_> 



ply circuit 30 always monitors the operating state 
of the power switch 301. That is, the power control 
CPU 306 performs the power supply control pro- 
cessing routine regardless of the ON/OFF sate of 
5 the power supply of the apparatus. In an operation 
using the AC adapter (in a power ON state), the 
power control CPU 306 performs a charge control 
routine (Fig. 3) including charge processing using 
the charge control data (charge control parameter) 
10 based on setup at the battery high capacity switch 
304. In a battery-driven state wherein the AC 
adapter is not connected, a power ON processing 
routine shown in Figs. 4A and 48 is performed. 
In the power off state of the apparatus, when 
75 the power switch 301 is operated, its switching 
state is held in the parallel I/O port 305. This state 
is fetched at a predetermined processing timing by 
the power control CPU 306, thereby detecting that 
the power switch 301 has been operated. In this 

20 case, the operation of the power switch 301 is 
detected every period, and a counter is updated 
every cycle. When the updated count reaches a 
predetermined value, the power control CPU 306 
determines that the power switch 301 is turned on 

25 to power the apparatus. 

An operation (power ON state) using the AC 
adapter will be performed in accordance with the 
charge control routine shown in Fig. 3. 

In this case, an external operation power (DC- 

30 IN) is supplied from the AC adapter 29 to the 
apparatus. This external power supply state is 
fetched by the power control CPU 306 through the 
A/D converter 318 and the Internal bus 307 and is 
detected by the power control CPU 306. Under the 

35 control of the power control CPU 306. the AC 
adapter connecting state display LED (L4) in the 
state display unit 50 emits red light through the 
parallel I/O port 305 and the I/O driver 308, thereby 
displaying an effective connecting state of the AC 

40 adapter 29 by means of the LED (L4) (step SI in 
Fig. 3; Fig. 5B). 

When an external operating power is supplied 
from the AC adapter 29. it is determined whether 
the right main battery (M-BATB) 31 R is mounted 

45 (step S1 in Fig. 3). If YES in step S1 in Fig. 3, the 
main battery switch (SL1) 309 is turned off, and the 
main battery switch (SRI) 310a is turned on. The 
charge unit 311 is controlled to charge the right 
main battery (M-BATB) 31 R (step S3 in Fig. 3). 

50 In this case, the state display LED (L3) for the 

right main battery (M-BATB) 31 R is emits yellow 
red + green) light, thereby indicating that the right 
main battery (M-BATB) 31 R is being charged (step 
84 in Fig. 3; Fig. 5B). 

55 When the right main battery (M-BATB) 31 R is 

fully charged by the above charge control and this 
full charged state is detected (step S5 in Fig. 3). 
the state display LED {L3) for the right main battery 

9 
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(M-BATB) 31 R emits green light (red OFF/green 
ON). Tile LED (L3) indicates that charging of the 
right nnain battery (M-BATB) 31 R has been com- 
pleted (step S6 in Fig. 3; Fig. 5B). 

When charging of the right main battery (M- 
BATB) 31 R is completed, the main battery switch 
(SR1) 310a is turned off (step S7 in Fig. 3). 

When it is determined that the right main bat- 
tery (M-BATB) 31R is not mounted in accordance 
with the mounting state (step S2 in Fig. 3) of the i 
right main battery (M-BATB) 31 R. it is then deter- 
mined whether the left main battery (M-BATA) 31 L 
is mounted (step 38 in Rg. 3). If YES in step S8 in 
Fig. 3, the main battery switch (SL1) 309 is turned 
on and the main battery switch (SRI) 310a is i 
turned off. The left main battery (M-BATA) 31 L Is 
charged by the charge control of the charge unit 
311 (step S9 in Fig! 3). 

In this case, the state display LED (L2) for the 
left main battery (M-BATA) 31 L emits yellow 2t 
(red + green) light. This LED (L2) indicates that the 
left main battery (M-BATA) 31 L is being charged 
(step S10; Fig, 5B). 

During charging of the left main battery (M- 
BATA) 31 L. the power control CPU 306 controls 2£ 
the charging unit 311 on the basis of the setup 
data (charge control parameter) based on the con- 
tents of the battery high capacity switch 304 to 
charge the left main battery (M-BATA) 31 L at high 
speed in optimal conditions. This processing op- 30 
eration will be described later. By the above charge 
control, when the left main battery (M-BATA) 31 L is 
fully charged and this full charged state is detected 
(step S1 1 in Rg. 3), the state display LED (L2) for 
the left main battery (M-BATA) 31 L emits green 55 
light (red OFF/green ON). This LED (L2) indicates 
that charging of the left main battery (M-BATA) 31 L 
has been completed (step S12 in Fig. 3; Rg. 5B). 

When charging of the left main battery (M- 
BATA) 31 L is completed, the main battery switch 4o 
(SL1) 309 is turned off (step S13 in Rg. 3). 

When the e)cternal operation power (DO-IN) is 
supplied from the AC adapter 29. charge control of 
the left and right main batteries (M-BATA and M- 
BATB) 31 L and 31 R is performed under the control 45 
of the power control CPU 306. Therefore, an op- 
timal charged state can always be maintained. 

A power ON processing operation in a battery- 
driven state (operation performed when the AC 
adapter is not connected) will be described with so 
reference to Figs. 4A through 40. 

In the battery-driven state, since the AC adapt- 
er 29 is not connected, the AC adapter connecting 
state display LED (L4) is kept off (Rgs. 6b and 60). 

In this routine. It is determined whether the ss 
power switch 301 has been depressed for a pre- 
determined period of time (step S20 in Fig. 4A). If 
YES in step S20, it Is determined whether the 



apparatus main body is currently set in a power 
ON state. 

If YES (i.e.. power ON state) in step 822 in Fig. 
4A). a power OFF routine (not shown) is performed. 

If a power OFF state is determined, it is deter- 
mined whether the left main battery (M-BATA) 31 L 
is set in a power voltage state enough to maintain a 
normal state (step S23 in Fig. 4A). If YES in step 
S23 in Rg. 4A. the LED (L4) is turned off (step S26 
in Rg. 4A). It is determined whether the power ON 
operation is started by one of the left and right 
main batteries (M-BATA and M-BATB) 31 L and 
31 R (step S27 in Rg. 4A). 

In this state, since the left main battery (M- 
BATA) 31 L is set in the power voltage state enough 
to maintain the nonmal operation, this battery power 
is supplied to the DO-DC converter 315. The re- 
spective operating powers are generated by the 
DC-DO converter 315 on the basis of the input 
battery power (power ON by the left main battery 
(M-BATA) 31 L). 

In the operation decision step (step S20 in Fig. 
4A) for the power switch 301, when it is determined 
that the power switch 301 has not been depressed 
for the predetermined period of time, It is deter- 
mined whether the power ON state is currently set 
(step S21 in Rg. 4A). If YES (power ON state) in 
step S21 in Fig. 4A, It Is determined whether the 
left main battery (M-BATA) 31 L is set in a power 
supply voltage state enough to maintain a normal 
operation (step S23 in Fig. 4A). If YES in step S23 
in Fig. 4A. the LED (L4) is turned off (step S26 in 
Rg. 4A), and it is determined whether the power 
ON operation is started by one of the left and right 
main batteries (M-BATA and M-BATB) 31 L and 
31 R (step S27 in Rg. 4A). 

In the power supply voltage state check for the 
left main battery (M-BATA) 31 L (step S23 in Rg. 
4A), it is determined that the power supply voltage 
state cannot maintain a normal operation by the left 
main battery (M-BATA) 31 L. i.e., the low-battery 
state is determined, it is determined whether the 
right main battery (M-BATB) 31 R is set in a power 
supply voltage state enough to maintain the normal 
operation (step S24 in Fig. 4A). If YES in step S24 
in Fig. 4A. the main battery switch (SRO) 310b is 
turned on (step S25 in Rg. 4A). and the LED {L4) is 
turned off (step S26 in Rg. 4A). It is determined 
whether the power ON operation is started by one 
of the left and right main batteries (M-BATA and M- 
BATB) 31 L and 31 R (step S27 in Rg. 4A). 

In this case, since the main battery switch 
(SRO) 310b is turned on. the power of the right 
main battery (M-BATB) 31R is supplied to the DC- 
DC converter 315. The DC-DC converter 315 gen- 
erates the respective operating powers on the ba- 
sis of the input battery power. In this case, the 
reverse flow preventive diode 313 prevents a flow 
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of the power from the right main battery (M-BATB) 
31R to the left main battery (M-BATA) 31 L. 

In the decision step of the power ON battery 
(step S27 in Fig. 4A), it is determined that the 
power ON operation is started by the left main 
battery (M-BATA) 31 L, the state display LED (L2) 
for the left main battery (M-BATA) 31 L emits green 
light (red OFF/green ON). This LED (L2) indicates 
that the left main battery (M-BATA) 31 L is selected 
and being used (step S28 in Fig. 4A; Fig. 6B). It is 
determined whether the left main battery (M-BATA) 
31 L is set in a low-battery state (step S29 in Fig. 
4B), If YES in step S29 in Fig. 4B, it is determined 
whether the right main battery (M-BATA) 31 R is 
mounted (step S30 in Fig. 48). 

If the right main battery (M-BATB) 31 R is 
mounted, it is determined whether this battery has 
a power supply voltage state enough to maintain a 
normal operation (step S31 in Fig. 4B). If YES in 
step S31 in Fig. 4B. the main battery switch (SRO) 
310b is turned on. The power from the right main 
battery (M-BATB) 31 R is supplied to the DC-DC 
converter 315. The DC-DC converter 315 generates 
the respective operating powers on the basis of the 
Input battery power (step 832 in Fig. 4B). 

In this case, the state display LED (L2) for the 
left main battery (M-BATA) 31 L is turned off to stop 
emitting red light (red ON/green OFF). The LED 
(L2) indicates that the left main battery (M-BATA) 
31 L is set in a low-battery state which requires 
charging (step S33 in Fig. 4B; Fig. 5C). The state 
display LED (L3) for the right main battery (M- 
BATB) 31 R emits green light (red OFF/green ON). 
This LED (L3) indicates that the right main battery 
(M-BATB) 31 R is selected and being used (step 
834 in Fig. 4B; Fig. 6B). 

In the decision step (step 830 in Fig. 4B) for 
the presence/absence of the right main battery (M- 
BATB) 31 R, when it is determined that the right 
main battery (M-BATB) 31 R is not mounted, or in 
the decision step (step 831 in Fig. 4B) for the right 
main battery (M-BATB) 31 R, when the right main 
battery (M-BATB) 31 R Is set in a low-battery state 
which requires charging, the state display LED (L2) 
for the left main battery (M-BATA) 31 L flickers red 
light (red flicker/green OFF). The LED (L2) indi- 
cates that the left main battery (M-BATA) 31 L is set 
in the low-battery state which requires charging 
and at the same time that driving using the battery 
is Impossible (step 839 in Fig. 4B; Fig. 50). 

In the power ON battery discrimination (step 
827 in Fig. 4A), it is determined that the right main 
battery (M-BATB) 31 R is selected and being used, 
the state display LED (L3) for the right main battery 
(M-BATB) 31 R emits green light (red OFF/green 
ON). This LED (L3) indicates that the right main 
battery (M-BATB) 31 R is selected and being used 
(step 834 in Fig. 4B; Fig. 6B). It is determined 
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whether the right main battery (M-BATB) 31 R is set 
in a low-battery state (step 835 in Fig. 4B). 

When the right main battery (M-BATB) 31 R is 
set in the low-battery state, the absence of the left 
5 main battery (M-BATA) 31 L is determined (step 
836 in Fig. 4B). If the left main battery (M-BATA) 
31 L is mounted, it is determined whether the left 
main battery (M-BATA) 31 L is set in a power 
supply voltage state enough to maintain a normal 
10 operation (step S37 in Fig. 4B). 

When the left main battery (M-BATA) 31 L is 
set in the power supply voltage state enough to 
maintain the norma! operation, the state display 
LED (L2) for the right main battery (M-BATB) 31 R 
75 emits red light (red ON/green OFF). The LED (L2) 
indicates that the right main battery (M-BATB) 31 R 
is set in the low-battery state which requires charg- 
ing (step 838 in Rg. 4B; Fig. 5C). The flow ad- 
vances to the decision step (step S22 in Fig. 4A) 
20 for the power ON state. 

In the decision step of determining whether the 
left main battery (M-BATA) 31 L is mounted (step 
830 in Fig. 4B), or in the decision step of determin- 
ing the sate of the left main battery (M-BATA) 31 L 
25 (step 831 in Fig. 4B), when it is determined that 
the left main battery (M-BATA) 31 L is set in the 
low-battery state which requires charging, the LED 
(L3) for the right main battery (M-BATB) 31 R flick- 
ers red light (red flicker/green OFF. This LED (L3) 
30 indicates that the right main battery (M-BATB) 31 R 
is set in the low-battery state which requires charg- 
ing and that the battery driving cannot be per- 
formed (step 840 in Fig. 4B; Fig. 5C). 

The state display LED (L2) for the left main 
35 battery (M-BATA) 31 L. or the state display LED 
(L3) for the right main battery (M-BATB) 31 R flick- 
ers red light, a power OFF routine is started after a 
lapse of a preset time (three minutes in this case). 
In a battery-driven state (i.e.. an operation per- 
40 formed when the AC adapter is not connected), 
highly reliable operations driven by the battery can 
be assured for a long period of time by the power 
ON processing. 

In this embodiment, of the pair of main bat- 
45 teries (M-BATA and M-BATB) 31 L and 31 R, one 
main battery is semi-fixed by a screw (in this case, 
-the left main battery (M-BATA) 31 L), and the other 
battery, i.e.. the right main battery (M-BATB) 31 R 
is arbitrarily detachable by the sliding mounting 
so means. As shown in Figs. 7A and 7B, the main 
batteries (M-BATA and M-BATB) 31 L and 31 R are 
constituted by battery packs having different cur- 
rent capacities (in this case, the 2200-mA high- 
capacity type, and the 1700-mA low-capacity type). 
55 In this case, as described above, charge con- 

trol of the main batteries (M-BATA and M-BATB) 
31 L and 31 R is performed by the power control 
CPU 306 on the basis of the setup data (charge 
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control parameter). In order to arbitrarily and selec- 
tively use the two different types of battery packs, 
charge current control must be performed on the 
basis of the setup data (charge control parameter) 
corresponding to the capacity types of the moun- 5 
ted battery packs. 

For this purpose, in this embodiment, the main 
battery high capacity switch 304 is operated to set 
a capacity type of the* mounted battery pack. i.e.. 
the left main battery (M-BATA) 31 L, in accordance ic 
with the capacity type of the mounted battery pack. 
In this case, the setup data (charge control param- 
eter) switching processing means based on the 
battery high capacity switch 304 is shown in the 
flow chart of Fig. 8. 75 

In charge control of the left main battery (M- 
BATA) 31 L. the power control CPU 306 reads the 
content of the battery high capacity switch 304. 
The power control CPU 306 determines in accor- 
dance with the content whether the current capac- 20 
ity of the semi-fixed mounted battery pack is the 
2200-mA high-capacity type or the 1700-mA low- 
capacity type and controls the charge unit 311 on 
the basis of the charge control setup data (charge 
control parameter) corresponding to the determined 25 
capacity type, thereby charging the left main bat- 
tery (M-BATA) 31 L at high speed in optimal con- 
ditions. 

As for the battery pack detachable by the slid- 
ing mounting means, i.e.. as for the right main so 
battery (M-BATB) 31 R, the capacity type of the 
mounted battery pack is automatically detected 
and the setup data (charge control parameter) can 
be automatically switched. That is, in the battery 
pack used as the right main battery (M-BATB) 31 R. 35 
the switch operation projection 70 is mounted at 
the distal end portion at the predetermined jDosition 
in the mounting direction (i.e., a direction of an 
arrow in Fig. 7B) in the 1700-mA low-capacity 
battery pack. A current capacity detection switch 4o 
71 operated by the projection 70 is mounted in the 
apparatus main body (PC main body). The power 
control CPU 306 detects the capacity type of the 
mounted battery pack on the basis of the signal 
from the switch 71 and performs charge control of 45 
the battery, pack as the right main battery (M- 
BATB) 31 R by using the setup data (charge control 
data) corresponding to the capacity type. 

With this arrangement, the battery pack having 
any capacity type (2200-mA high-capacity type or 50 
1700-mA low-capacity type) for the detachable 
right main battery (M-BATB) 31 R without causing 
the operator to pay attention to the capacity type. 
The battery high capacity switch 403 Is once op- 
erated at the time of mounting of the pack as the 55 
left main battery (M-BATA) 31 L. Therefore, any 
battery capacity configuration corresponding to an 
application purpose can be easily obtained. 



In this embodiment, there is provided a func- 
tion of displaying mounted states of the main bat- 
teries (M-BATA and M-BATB) 31 L and 31 R and 
their capacities (remaining capacities) in a pop-up 
menu shov/n in Fig, 15. Under the control of the 
power control CPU 306, In the display areas 
(<LEFT>E--F and <RIGHT>E* • F). a battery non- 
mounted state is indicated by "N/A". a state in 
which a battery is mounted but not charged is 
indicated by "???". When battery charging is start- 
ed, a present battery capacity is indicated with 
triangular marks (a maximum of seven triangular 
marks) in place of the battery mounted state 

The mounted states and capacities (remaining 
capacities) of the pair of left and right main bat- 
teries (M-BATA and M-BATB) 31 L and 31 R can be 
easily checked by the pop-up menu. 

In this embodiment, the 4- and 8-MB new 
memory cards can be mounted in addition to the 1- 
and 2-MB existing memory cards as the extension 
RAM 18. A common interface mechanism for the 
existing memory cards (1 MB and 2 MB) and the 
new memory cards (4 MB and 8 MB) is shown in 
Figs. 10, 11 A, and 11B. Of the predetermined 
number of pins (e.g., 40 pins), one power supply 
pin and one ground pin (two pins) of each of the 
memory cards (1 MB and 2 MB), and one (Ta) of 
the omitted pins is assigned to an increase in 
address of the new memory cards (4 MB and 8 
MB), and the remaining pin (Tb) is assigned to the 
card determination. When a terminal Tb signal 
(SEL) is set at high level (SEL = "1 "), a logic gate 
array for controlling the output of the incremented 
address (A9: the most significant bits of the 4- and 
8-MB cards) is connected to the terminal Ta of the 
mounted memory card , (4- or 8-MB new memory 
card). 

The 4- and 8-MB new memory cards can be 
used in addition to the 1- and 2-MB existing mem- 
ory cards as the extension RAM 18, thereby easily 
and arbitrarily increasing the memory capacity. 

In this embodiment, the system has the built-in 
HDD interface (HDD-IF) 41 and can be graded up 
from the FDD + FDD type having two floppy disk 
drives (FDD(1) 32A and FDD(2) 32B) into the 
HDD + FDD type having one 2.5" hard disk (HDD) 
and one 3.5" floppy disk drive by using this inter- 
face (HDD-IF) 41. More specifically, as shown in 
Rgs. 12 to 140, the FDD + FDD type base housing 
(Fig. 14A) 1A having the two floppy disk drives 
(FDD(1) 32A and FDD(2) 32B) therein and the 
HDD + FDD type base housing (Fig. 14B) having 
the 2,5" hard disk (HDD) and the 3.5" floppy disk 
drive are prepared. The base housing 1 A (Rg. 14A) 
is replaced with the base housing IB (Rg. 14B), 
and the mounted hard disk is connected through a 
built-in HDD interface (HDD-IF) 41. thereby easily 
grading* up the system to the HDD + FDD type 
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system. In this case, as shown in Figs. 14C and 
14D, the 2.5" hard disk (HDD) is housed in the 
same type of housing as that of the 3.5" floppy 
disk drive and Is placed on the detachable tray 
111. Upon operation of an eject button 112. the 5 
2.5" hard disk can be placed on the detachable 
tray 111 or ejected therefrom. Details of this opera- 
tion will be omitted. 

In the above embodiment, when the apparatus 
is set in the power OFF state, the power control io 
CPU always monitors the operating state of the 
power switch 301 and the states of the power 
supplies and the apparatus and externally display 
the states of the power supplies and the apparatus 
in the power OFF routine. More specifically, in the rs 
power ON routine, when an extension board is not 
connected to an extension connector 40 or when 
the extension board connected to the extension 
connector 40 is confirmed not to be set in a ready 
state, the power ON processing is executed. A 20 
power supply state is determined in the same 
manner as in the power ON routine, the states of 
the respective components of the apparatus are 
determined, and these operations are repeated. ■ 
During this repetition, when an abnormal sate of 25 
the power supply is detected, data which instructs 
to turn off the power supply is sent to the main 
CPU 11, and then power OFF processing is ex- 
ecuted. In this power OFF processing, the respec- 
tive power supplies in the apparatus except for the 30 
backup power (VBK) are cut off in a predetermined 
order upon reception of a response from the main 
CPU 11. The power OFF routine is then initiated. In 
this case, when the main CPU 11 receives the data 
which instructs to cut off the power supplies from 35 
the power control CPU 306 through the power 
supply control interface 28. the main CPU 11 rec- 
ognizes the setup state of the resume function. 
When the resume function is set, resume process- 
ing using the backup RAM 19 is completed, and 40 
then response data is sent back to the power 
control CPU 306 through the power supply control 
interface 28. 

The power control CPU 306 executes the pow- 
er supply processing routine including charge con- 45 
trol of the main batteries (M-BATA and M-BATB) 
31 L and 31 R and the use state control. The power 
control CPU 306 always monitors the states of the 
power supplies including the main batteries (M- 
BATA and M-BATB) 31 L and 31 R and the appara- so 
tus power supply and externally displays their 
states. 

The power control means according to the 
present invention is not limited to the system con- 
figuration shown in Fig. 1 but can be easily applied 55 
to another system configuration. The arrangement 
of the power supply circuit 30 is not limited to that 
of the above embodiment but may be constituted 



by another arrangement as a means for recogniz- 
ing the states of the main batteries (M-BATA and 
M-BATB) 31 L and 31 R. In the above embodiment, 
the external operating power is not supplied. When 
the first and second main batteries are set in a 
rechargeable discharge limit state, the means for 
alarming this state by means of LEDs is exempli- 
fied. However, alarming may be performed by a 
combination of a visual display and a sound. 

Claims 

1. A personal computer having data storage 
means and data processing means, character- 
ized by comprising: 

battery pack storage means for storing any of 
battery packs (31 L, 31 R) having different cur- 
rent capacities; 

means (312) for detecting a current capacity of 
a battery pack stored in said battery pack 
storage means; 

means (306, 311) for charging the stored bat- 
tery pack on the basis of the current capacity 
detected by said detecting means; and 
means (31 5) for generating an operating power 
from the battery pack stored in said battery 
pack storage means. 

2. A computer according to claim 1, character- 
ized in that said means for detecting the cur- 
rent capacity of the battery pack comprises set 
switch means (304) for setting the current 
capacities of the battery packs, 

3. A computer according to claim 1, character- 
ized in that said charging means comprises: 
means {306e) for prestoring characteristic data 
of the battery packs having the different cur- 
rent capacities; 

means (103) for detecting voltage and current 
values of the driven battery pack; and 
charge control means (306, 311) for controlling 
charging of the battery pack on the basis of 
the characteristic data corresponding to the 
current capacity of the battery pack detected 
by said current capacity detecting means and 
the voltage and current values detected by 
said voltage/current detecting means. 

4. A computer according to claim 1, character- 
ized in that said battery pack storage means 
comprises: 

at least two battery pack storage sections for 
respectively storing at least two battery packs; 
and 

means for selecting one of said plurality of 
battery packs. 
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5. A computer according to claim 4. character- 
ized in that the battery pack stored in at least 
one of said battery pack storage sections is 
detachable. 

5 

6. A computer according to claim 5, character- 
ized in that the current capacities of said at 
least two battery packs are equai to each oth- 
er. 

70 

7. A computer according to claim 5. character- 
ized in that the current capacities of said at 
least two battery packs are different from each 
other. 

15 

8. A computer according to claim 7. character- 
ized by further comprising means for setting a 
current capacity of said at least one battery 
pack. 

20 

9. A computer according to claim 4. character- 
ized in that said selecting means comprises: 
means for detecting a low-battery sate of any 
one of the battery packs; and 

means for replacing the battery pack in the 35 
low-battery state with the other battery pack. 

10. A computer according to claim 4, character- 
ized in that said means for detecting the cur- 
rent capacity of the battery pack comprises set 30 
switch means for setting the current capacity 

of the battery pack. 

11. A computer according to claim 4. character- 
ized in that said charging means comprises: as 
means (306e) for prestoring characteristic data 

of the battery packs having the different cur- 
rent capacities; 

means (103) for detecting voltage and current 
values of the driven battery pack; and 40 
charge control means (306. 311) for controlling 
charging of the battery pack on the basis of 
the characteristic data corresponding to the 
cunrent capacity of the battery pack detected 
by said current capacity detecting means and 45 
the voltage and current values detected by 
said voltage/cunrent detecting means. 



age and current values detected by said de- 
tecting means, for reading out the battery char- 
acteristic values from said storage means on 
the basis of the batteries determined by said 
determining means and for performing battery 
charge control on the basis of the readout 
characteristic values. 

13- A personal computer utilizing the charge con- 
trol system of claim 12. 



12. A charge control system comprising: 

a battery mounting section capable of receiv- so 
ing different types of batteries; 
means for determining types of batteries 
mounted in said mounting section; 
storage means for prestoring characteristic val- 
ues of the different types of batteries; 55 
means for detecting voltage and current values 
when driven by a battery; and 
charge control means, responsive to the volt- 
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© Personal computer for performing charge and switching control of different types of battery packs. 



® A personal computer of this invention has a 
battery pack mounting section (31 R) for detachably 
receiving battery packs having different current 
capacities. The personal computer also includes a 
switch mechanism (70, 304) for detecting whether a 
battery pack has a high or low capacity. Battery 
characteristic values consisting of charge and dis- 
charge voltage/current characteristics in units of bat- 
teries are prestored in a memory in a power control 
CPU (PC-CPU) (306). The PC-CPU (306) refers to 
the memory on the basis of capacity data from the 



switch mechanism and reads out the corresponding 
battery characteristic data. A power supply circuit 
(30) performs optimal charge control on the basis of 
this characteristic data. Two battery packs are pre- 
pared. When the PC-CPU (306) detects that the 
currently used battery pack is in a low-battery state, 
it selects the other battery pack to supply the op- 
erating power to the personal computer. At the same 
time the PC-CPU (306) performs optimal charge 
control of the battery in the low-battery state. 
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GB-A-2 219 151 (ULO-WERK M0RIT2 ULLKANN GMBH) 

* page 5, line 8 - page 11, 11n« 6; figures 1-10 



EP-A-0 340 794 (hCC) 

* page 2, column 2, line 19 - page 3, column 4, 
line 20; figures 1,2 * 
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